Introduction
Metoprolol tartrate (MT) (Figure 1 ) is a selective adrenergic antagonist that is devoid of intrinsic sympathomimetic activity [1] . It is used in the management of hypertension, angina pectoris, cardiac arrhythmia, and myocardial infarction [2] . Hydrochlorothiazide (HZ) (Figure 1 ) is a thiazide diuretic that is used in the treatment of hypertension, either alone or with other antihypertensives. It is also used to treat edema associated with heart failure, with renal and hepatic disorders, and with acute glomerulonephritis [1, 2] . MT and HZ are co-formulated together in commercial tablets for their antihypertensive effect. Determination of MT was described in blood pressure (BP) [3] by nonaqueous titration method. It is also determined by several methods involving spectrophotometric methods [4] [5] [6] [7] [8] , high-performance liquid chromatographic (HPLC) methods [9] [10] [11] [12] , potentiometric methods [13, 14] , and electrophoresis [15, 16] . Also, thin-layer chromatographic (TLC) methods were reported, where MT enantiomers were separated by high-performance thin-layer chromatography (HPTLC) using chiral mobile-phase additive [17] , and a densitometric determination of MT in pharmaceuticals dosage forms using acetone-methanol-triethylamine as the mobile phase was reported [18] . Determination of HZ was described in United States Pharmacopeia (USP) [19] by HPLC method. Several HPLC methods for the determination of HZ were also developed [20] [21] [22] [23] . It was also determined by different methods involving electrophoresis [24, 25] and spectrophotometric methods [26] [27] [28] . Also, determination of the mixture of the two drugs by spectrophotometric methods [29, 30] and HPLC methods [31, 32] was reported. TLC methods were reported as well, where a TLC method for simultaneous determination of benzeprile hydrochloride and HZ was developed using ethyl acetate-methanol-chloroform (10:3:2 by volume) as the mobile phase [33] . Determination of HZ and valsartan was developed using HPTLC plates and chloroform-ethyl acetate-acetic acid (5:5:0.2 by volume) as the mobile phase [34] .
The proposed HPLC and TLC methods are precise, accurate, simple, stability-indicating methods, and can be used for the drugs determination in quality control laboratories.
The aim of this work is to develop easy, sensitive, and fast methods that can be applied for routine analysis of the drugs simultaneously in laboratory mixtures, in pharmaceutical formulations, and in spiked human plasma samples as by HPLC method.
Experimental

Instrumentation
For HPLC Method
Merck-Hitachi, model D-7000 IF, Part No. 810-0092, connected with ultraviolet (UV)-visible spectrophotometric detector model G 1314 A, was set at 275 nm (Hitachi, Ltd., Tokyo, Japan). Injection was performed with an A Rheodyne injector model 7225 = 7725I (Rohnert Park, CA, USA), equipped with 20 mL injector and Hamilton syringe (100 μL). The instrument was connected to an IBM-compatible PC, bundled with Merck-Hitachi model D-7000 HPLC System Manager Chromatography Data Station Software, HP 800 inkjet printer.
For TLC Method
Densitometric measurement was carried out using dual wavelength flying spot Cs-9000 densitometer (SHIMADZU, Japan) with video display and high speed, high quality, parallel head printer/plotter. Hamilton syringe of 25 μL capacity was used for sample application on TLC plates precoated with silica gel 60 F 254 (20 × 20 cm, 0.25 mm thickness) (E. Merck, Darmstadt, Germany). TLC plates were developed using chromatographic tank 20 × 21 × 9 cm (Desaga). The spots were detected using UV lamp with short wavelength of 254 nm.
Samples and Reagents
Reference Samples
Metoprolol tartarate (MT) and hydrochlorothiazide (HZ)
Pure samples were kindly supplied by CID Pharmaceuticals Co., batch numbers C0028 and C0976, respectively (Giza -Cairo, Egypt). Their percentage purities were 99.45 ± 0.475% and 100.34 ± 0.499%, respectively, according to the official methods [3, 19] .
Salamide (SA)
Pure sample was purchased from Sigma-Aldrich; its purity was certified to be 98.00%.
Pharmaceutical Formulations
Lopressor HCT (100:50) tablets -batch number K0016
Each tablet is claimed to contain 100 mg of MT and 50 mg of HZ (manufactured by Novartis Pharma, USA).
Lopressor HCT (100:25) tablets -batch number K0095A
Each tablet is claimed to contain 100 mg of MT and 25 mg of HZ (manufactured by Novartis Pharma, USA).
Reagents
All chemicals were of analytical grade. Acetonitrile and methanol HPLC grade were purchased from E. Merck (Darmstadt, Germany), and water was HPLC grade (distilled and deionized). Methanol, ethyl acetate, and toluene were purchased from Prolabo (VWR International, West Chester, PA, USA), while ammonium hydroxide 33% was purchased from El Nasr (Cairo, Egypt). Finally, human plasma was purchased from VACSERA (Dokki, Egypt).
Chromatographic Conditions for HPLC and TLC Study
HPLC Method
The mobile phase of HPLC was prepared by mixing acetonitrile and 20 mM KH 2 PO 4 in a ratio of 20:80 v/v; pH was adjusted to 3 ± 0.1 with o-phosphoric acid. The mobile phase was filtered using a 0.45-mm disposable filter (Millipore, Milford, MA, USA) and degassed by ultrasonic vibrations prior to use. The flow rate was 1.2 mL min -1 . All determinations were performed at ambient temperature (25°C) under the following chromatographic conditions: For optimal sensitivity of TLC method, solutions of the testing samples and standard were applied to the TLC plates as bands rather than spots; the bands were 3 mm long. The bands were separated by a distance of 22.5 mm apart and 10 mm from the bottom of the plate. The development chamber was saturated with the mobile phase. The TLC plates were developed in ascending manner with ethyl acetate-toluene-methanol-ammonium hydroxide 33% (50:30:15:5 by volume) as the mobile phase, under the following chromatographic conditions:
-Source of radiation: deuterium lamp -Scan mode: absorbance mode -Slit dimension: 3 mm × 0.45 mm -Scanning speed: 20 mm s -1 -Output: chromatogram and integrated peak area -Wavelength: 275 nm (it is a λ max for both MT and HZ)
Standard Solutions
For HPLC Method
MT stock standard solution (0.5 mg mL -1 ), HZ stock standard solution (0.1 mg mL -1 ), and SA stock standard solution (0.1 mg mL -1 ) were used in the mobile phase.
For TLC Method
MT stock standard solution (5 mg mL -1 ), HZ stock standard solution (1 mg mL -1 ), and SA stock standard solution (5 mg mL -1 ) were used in methanol.
Laboratory-Prepared Mixtures Containing Different Ratios of MT, HZ, and SA
For HPLC Method
Into a series of 25-mL volumetric flasks, aliquots of MT, HZ, and SA were accurately transferred from their corresponding stock standard solutions of 0.5 mg mL -1 , 0.1 mg mL -1 , and 0.1 mg mL -1 , respectively; the volume was made up to the mark with the mobile phase that was used to prepare mixtures containing different ratios of the two drugs and SA for the proposed method.
For TLC Method
Into a series of 10-mL volumetric flasks, aliquots of MT, HZ, and SA were accurately transferred from their corresponding stock standard solutions of 5 mg mL -1 , 1 mg mL -1 , and 5 mg mL -1 , respectively; the volume was made up to the mark with methanol that was used to prepare mixtures containing different ratios of the two drugs and SA for the proposed method.
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Procedures
Calibration of HPLC Method
Aliquots (1, 2, ¼, 10 mL) of MT stock standard solution (0.5 mg mL -1 ) and aliquots (1, 2, ¼, 10 mL) of HZ stock standard solution (0.1 mg mL -l ) were transferred into two series of 25-mL volumetric flasks. The volume was then made up to mark with the mobile phase to yield solutions in the concentration ranges of 20-200 μg mL -l and 4-40 μg mL -1 of MT and HZ, respectively. Using a 100-μL syringe, 20 μL volume of each solution were injected in triplicate into the liquid chromatograph under the previously mentioned chromatographic conditions. The chromatograms for MT and HZ were obtained; the average peak area ratios obtained for each concentration of MT and HZ to those of the external standards (200 μg mL -l of MT and 40 μg mL -l of HZ) for MT and HZ, respectively, were plotted versus concentrations, and the regression equations were computed.
Calibration of TLC Method
Aliquots (1, 2, …, 8 μL) of MT stock standard solution (5 mg mL -l ) and aliquots (3, 4, …, 10 μL) of HZ stock standard solution (1 mg mL -l ) were spotted on TLC plates. The plates were developed in chromatographic tanks previously saturated with the mobile phase ethyl acetate-toluene-methanol-ammonium hydroxide 33% (50:30:15:5 by volume) by ascending chromatography. The plates were dried, and the bands were detected under UV lamp (254 nm) and scanned under the previously mentioned chromatographic conditions. The scanning profiles for MT and HZ were obtained. The calibration curves relating the area under the peak to the corresponding concentration were constructed, and the regression equations were computed.
Application of the Proposed Methods for the Analysis of Laboratory-Prepared Mixtures Containing Different Ratios of MT, HZ, and SA
HPLC Method
Twenty microliters from the prepared mixtures in subsection 2.5.1 were injected into the liquid chromatograph, and the procedure was completed as described in subsection 2.6.1. The concentrations were calculated from the corresponding regression equations.
TLC Method
Ten microliters from the prepared mixtures in subsection 2.5.2 were spotted on TLC plates, and the procedure was completed as described in subsection 2.6.2. The concentrations were calculated from the corresponding regression equations.
Assay for Dosage Form (Lopressor HCT 100/50 and Lopressor HCT 100/25)
Ten tablets of the two formulations were weighed accurately and finely powdered in a small dish.
For HPLC Method
Amounts of powder equivalent to 50 mg of MT and 25 mg or 12.5 mg of HZ from the two formulations were accurately transferred, each into a beaker, and 80 mL of the mobile phase was added with continuous stirring for 10 min using a magnetic stirrer. Each solution was transferred into a 100-mL volumetric flask; the volume was made up with the mobile phase and finally was filtered. Four milliliters from each filtrate were accurately transferred to a 25-mL volumetric flask, diluted to volume with the mobile phase, and analyzed as in subsection 2.6.1; the concentrations were calculated from the corresponding regression equations.
For TLC Method
Amounts of powder equivalent to 50 mg of MT and 25 mg or 12.5 mg of HZ from the two formulations were accurately transferred into a beaker, and 20 mL methanol was added with continuous stirring for 10 min using a magnetic stirrer, and then transferred into a 25-mL volumetric flask; the volume was completed with methanol and finally was filtered. Ten microliters of each filtrate were spotted. Then the procedure was completed as described in subsection 2.6.2, and the concentrations were calculated from the corresponding regression equations.
Application of the HPLC Method for Determination of MT and HZ in Spiked Human Plasma Sample
Aliquots (1, 2, ¼, 10 mL) of MT stock solution (0.5 mg mL -1 ) and aliquots (1, 2, ¼, 10 mL) of HZ stock solution (0.1 mg mL -1 ) were transferred into two series of 25-mL volumetric flasks; 1 mL blank (drug-free) plasma sample was added in each flask, vortexed for 2 min, and then the volume was made up to the mark with the mobile phase. The solution was vortexed and centrifuged again for 10 min, where acetonitrile precipitates protein. Twenty microliters from the protein-free supernatant of each solution were injected in triplicate into the liquid chromatograph at ambient temperature (25°C) under the previously mentioned chromatographic conditions. The concentrations were calculated from regression equations.
Results and Discussion
HZ undergoes alkaline degradation to produce 4-amino-6chlorobenzene-1,3-disulphonamide (SA), which is also one of the HZ process impurities [3, 28, 35, 36] (Figure 2 ).
The present work aims to separate MT, HZ, and SA using different methods.
Chromatographic Methods
The separation of MT, HZ, and SA by HPLC method was achieved by using Lichrosorb (250 mm × 4.6 mm I.D.) and acetonitrile-20 mM KH 2 PO 4 (20:80, v/v) as the mobile phase; pH was adjusted to 3 ± 0.1 with o-phosphoric acid with a flow rate of 1.2 mL min -1 . For TLC method, the separation was achieved on TLC plates using ethyl acetate-toluene-methanol-ammonium hydroxide 30% (50:30:15:5 by volume) as the mobile phase.
Optimization of Chromatographic Conditions
HPLC
Different columns such as ZORBAX ODS (250 mm × 4.5 mm I.D.), xTerra C 18 (250 mm × 4.6 mm I.D.), and Lichrosorb (250 mm × 4.6 mm I.D.) were tried, and the latter was chosen as it offered good separation of MT, HZ, and SA with different retention times of 6.65, 4.6, and 2.9 for MT, HZ, and SA, respectively, which showed excellent resolution; this was proven by the obtained values of these parameters, mentioned in Table 1 . Also, different mobile phases with different ratios were investigated. The mobile phase of choice was found to be acetonitrile-20 mM KH 2 PO 4 (20:80, v/v); pH was adjusted to 3 ± 0.1 with o-phosphoric acid with a flow rate of 1.2 mL min -1 . The highest selectivity was obtained using 275 nm for detection ( Figure 3 ).
TLC
Different developing systems of different compositions and ratios were tried. Separation of MT, HZ, and SA was achieved upon using ethyl acetate-toluene-methanol-ammonium hydroxide 30% (50:30:15:5 by volume). The instrumental conditions for the densitometric measurement, such as scan mode and wavelength detection, were optimized. The scan mode chosen was absorbance mode; the scanning wavelength was 275 nm.
The drugs were completely resolved from each other and from SA, and their R F values were 0.38, 0.2, and 0.08 for MT, HZ, and SA, respectively. This allows the quantitative determination of both drugs without any interference.
Normal-phase TLC plates (20 × 20 cm, coated with 0.25 mm silica gel 60 F 254 ) were used as they gave the best separation with no tailing (Figure 4 ).
Method Validation
The International Conference on Harmonization (ICH) guidelines (1996) for method validation were followed. All validation parameters are shown in Table 2 .
Linearity
HPLC
The linear regression data for the calibration curves (n = 10) showed a good linear relationship over a concentration range of 20-200 mg mL -1 (correlation coefficient, r = 0.9997) for MT and 4-40 mg mL -1 (correlation coefficient, r = 0.9998) for HZ.
TLC
The relations between the concentrations of MT and HZ and the peak area of the bands were investigated. The linear range was found to be 5-40 μg band -1 for MT and 3-10 μg band -1 for HZ. The regression equations for both methods are shown in Table 2 .
Accuracy
The accuracy of the two methods was tested by analyzing freshly prepared solutions of the two drugs in triplicate within the linearity range. The recovery percentages (recovery %) and relative standard deviations (RSD) revealed excellent accuracy ( Table 2 ).
Repeatability and Intermediate Precision
Repeatability and intermediate precision were evaluated by assaying freshly prepared solutions of the two drugs in triplicate on the same day and on three successive days. The RSD (Table  2) showed the precision and the ruggedness of the methods.
Specificity
The specificity of HPLC and TLC was illustrated by complete separation of MT, HZ, and SA as shown in Figures 2 and 3 . The resolution (R s ) values of the two drugs were always above 2. Furthermore, the two drugs were determined in solutions containing different ratios of MT, HZ, and HZ degradation product by HPLC and TLC methods. The recovery % and RSD proved the specificity of the methods (Table 3 ).
Robustness and System Suitability of the HPLC Method
Separation of MT, HZ, and SA was performed on different HPLC columns, namely ZORBAX ODS (250 mm × 4.5 mm I.D.), xTerra C18 (250 mm × 4.6 mm I.D.), and Lichrosorb (250 mm × 4.6 mm I.D.). For system suitability testing of the HPLC method, the mobile phase of choice was acetonitrile- (20:80 , v/v); pH was adjusted to 3 ± 0.1 with ophosphoric acid with a flow rate of 1.2 mL min -1 . Changing the flow rate and the ratio of the mobile phase led to slight tailing of MT peak at lower flow rate and a slight increase or decrease of R t of the peaks which was 2.9 min for SA, 4.6 for HZ, and 6.65 for MT. However, the calculated R s values were always above 2. The selectivity factor (α) was also greater than 1, which ensures complete, 100% separation of the two drugs and the degradation product. The tailing factors were 1.27 and 1 for MT and HZ, respectively, in HPLC; and 1.11 and 1.025 for MT and HZ, respectively, in TLC, which reveals linear isotherm peak elution without tailing. Peak information is given in Table 1 .
Stability of Solutions
The stability of MT and HZ in methanol has been determined by keeping one sample of each drug in the refrigerator and another in a tightly capped volumetric flask placed at ambient temperature under normal lighting condition. The samples were checked for assay on three successive days of storage and compared with freshly prepared sample. The RSD values of assay were found to be below 2.0% in both cases. This indicates that MT and HZ are stable in the solutions.
Assay of Pharmaceutical Formulations
The two proposed methods were successfully applied for the analysis of the studied drugs in pharmaceutical dosage forms. The results are shown in Table 4 . 
Assay of the Drugs in Spiked Human Plasma Samples
The proposed HPLC method was successfully applied for the analysis of the studied drugs in spiked human plasma sample with mean percentages recovery of 99.13 ± 0.868% and 98.99 ± 0.777% for MT and HZ, respectively.
Comparison with the Official Method
Statistical comparison between the results obtained by the two methods and the official methods for MT and HZ was done; the values of the calculated t and F were less than the tabulated ones which reveals that there are no significant differences (Table 5 ).
Conclusion
The proposed HPLC and TLC methods are precise, accurate, and simple. The proposed TLC method is simpler than the HPLC method; it ensures an easier sample preparation, is less time-consuming and less expensive, and does not need expen- 515 Table 4 Application of the proposed methods for the analysis of MT and HZ in pharmaceutical dosage forms. Table 5 Statistical comparison of the results obtained by applying the proposed methods and those obtained by the official methods [3, 19] .
Item
Chromatographic methods Official methods a), b) [ sive solvents or sophisticated apparatus as in HPLC method. On the other hand, HPLC method is more sensitive than TLC method; it improves detection and quantitation limits and also can be used for the determination of MT and HZ in spiked human plasma. So, the proposed methods can be used for the routine analysis of MT and HZ in pharmaceutical formulations or in spiked human plasma and stability-indicating methods for HZ. The ICH guidelines were followed throughout the study for method validation.
